12 United States Patent

Houghton et al.

USO011350431B2

US 11,350,431 B2
May 31, 2022

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)

(22)

(65)

(60)

(1)

(52)

(58)

SELECTIVE ADJUSTMENT OF PACKET
DURATIONS

Applicant: QUALCOMM Incorporated, San
Diego, CA (US)

Inventors: Nathaniel David Houghton, Fremont,
CA (US); Xiaolong Huang, San Jose,
CA (US); Naveen Gangadharan, San
Jose, CA (US)

Assignee: QUALCOMM Incorporated, San
Diego, CA (US)

Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 16/904,380

Filed: Jun. 17, 2020

Prior Publication Data

US 2020/0404683 Al Dec. 24, 2020
Related U.S. Application Data

Provisional application No. 62/865,038, filed on Jun.

21, 2019.

Int. CI.

HO4Ww 72/12 (2009.01)

HO4W 84/12 (2009.01)

U.S. CL

CPC ... HO4W 7271252 (2013.01); HO4W 72/1268

(2013.01); HO4W 72/1289 (2013.01); HO4W
84/12 (2013.01)

Field of Classification Search
CPC HO4W 72/1252; HO4W 72/1268; HO4W
72/1289; HOAW 84/12; HO4W 28/02;

(Continued)

430
~y
420

Trigger Frame {sclected packet dwration)

Determine packet duration
sejected hy AP (458)

C

460

4672

Trigger Frame (adjusted packet duration)

Adjust duration of UL
packet based on indication

front AP (4704

ACK/BA/M-STA ACK

(56) References Cited

U.S. PATENT DOCUMENTS

2/2019 Merlin et al.
4/2019 Lee et al.

(Continued)

10,212,086 B2
10,263,821 B2

FOREIGN PATENT DOCUMENTS

3/2018
9/2017

EP
WO

32977359 Al
WO-2017160470 Al

OTHER PUBLICAITONS

International Search Report and Written Opimmion—PCT/US2020/
038384—ISA/EPO—dated Sep. 4, 2020,

Primary Examiner — Nathan S Taylor

(74) Attorney, Agent, or Firm — Paradice and L1
LLP/Qualcomm

(57) ABSTRACT

This disclosure provides systems, methods and apparatus,
including computer programs encoded on computer storage
media, for adjusting a packet duration for triggered uplink
(UL) transmissions to an access point (AP) from one or more
stations (STAs). In one aspect, the AP may estimate an
amount of data that a STA has queued for UL transmission
and select the packet duration based on the estimated

amount of queued UL data. The AP may transmit a trigger
frame that solicits UL data from the STA and indicates the
selected packet duration. In response, the AP may receive an
UL packet from the STA and determine an amount of UL
data queued 1n the STA based on the UL packet. In some
implementations, the AP may selectively adjust the packet

duration for UL transmissions based on the UL packet, the
determined amount of UL data queued 1n the STA, or both.

28 Claims, 11 Drawing Sheets

(‘f’) 410

™ Obtain or estimate amount of
Ul cata quened in STA (452)

Select packet duration for
UL transymissions (434)

456

UL. packet

Determine amonet of data in UL

packet; determine amount ot
quened UL data (464

Selectively adjust packet duration
tor UL, transmissions (466)

468

UL packet

472



US 11,350,431 B2

Page 2

(58) Field of Classification Search
CPC . HO4W 772/1284; HO4W 74/04; HO4W 772/12;

HO4W 74/00

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
10,477,589 B2 11/2019 Ahn et al.

2015/0139083 Al1* 5/2015 Kneckt ............. HO4W 74/0816
370/329

2016/0227437 Al* 8/2016 Blanksby ................ HO41. 12/00

2016/0242195 Al* 8/2016 Kwon ................. HO4W 72/121

2017/0070961 Al1* 3/2017 Bharadwaj .......... HO4L. 27/2601

2017/0105217 Al1*  4/2017 Kwon ................ HO4W 52/244

2017/0111875 Al* 4/2017 Azizi .................. HO4W 56/001

2017/0181187 Al 6/2017 Asterjadhi et al.

2017/0215188 Al1* 7/2017 Kim .................. HO4W 72/0446

2017/0273100 A1* 9/2017 Huang .............. HO4W 72/1263

2018/0014329 Al1l* 1/2018 Lee ...ccoevvvvvvrnnnnnn, HO4L 5/0092

2018/0146426 Al* 5/2018 Park .................. HO04W 52/0216

2018/0213566 Al 7/2018 Baron et al

2020/0228634 Al* 7/2020 Noh .................... HO4W 74/006

2020/0274686 Al* 8/2020 Khude ................. HO4L 5/0007

2020/0344007 Al1* 10/2020 Chen ...............c.... HO4L 5/0007

2020/0404512 Al1* 12/2020 Heddarnn ............... HO4L 41/5019

* cited by examiner



US 11,350,431 B2

Sheet 1 of 11

May 31, 2022

U.S. Patent

[ 24n31,]

Id[ONUO
SUWI)SAS JOUJO O) [IBHYO

WJSAS

Otl

JO¢l \]

see
AN A

3071 \] \m\
1 X .
VLSN 907
(4| \] \ / ﬂ/lllllml.||||
A

A
071 /] VLS
b.._.._.’.
poz1 /| VLS
'...'

SV o0 0)

Vish ot

AGRY A

011

v

Yy A

// ]/ .
'...b

A

VLS| qoz 1

001



US 11,350,431 B2

May 31, 2022 Sheet 2 of 11

U.S. Patent

JORJIU] oS

|
|
|
0tC |
|
|
|

7HC suononnsuj

0CC 01¢ |
10SSQ201] SIOATIISURI ], |

TTC 2SeqQRIB(] 92149

077 AIOUWN
TIATIONY SdS

|

|

|

06¢ 00T |
VLS |

|

|

ULNYV

LNV



€ N3]

US 11,350,431 B2

|
|
- |
S _ 0ce 0T¢
..,_u “ cte SEDIPIIRHL 1055990.1d SIQATIISURIT,
Qs
= |
i |
| [ €€ aseqeie(] 9I1A9(J
R |
e
: _ 00t
" —— 01 € QoeJIU]
MY " 0CE ATOWRN IOMION JUIOJ SSA00Y
-
> |
|

U.S. Patent
<_ — —



US 11,350,431 B2

May 31, 2022 Sheet 4 of 11

U.S. Patent

QL.

q

uoneInp
1o30ed

10 Isnlpe
ATOATIOONOG

-+
e

vd
V.LS-BINMA

H

zIRp

1] penanb
JO JUNOWe

SUIULID)2(]

V¥ 24n31,]

QUIRL]
I193311]

—
e

a

uoneImp
19308ed

111 199[9%

=
e

OCY
V.LS

OlY

o

BIRp

1 pananb
JO JUNOW®E

2]BUIT1]SH

007



US 11,350,431 B2

May 31, 2022 Sheet 5 of 11

U.S. Patent

gy 2ns1q

CLY

xBd 1N _ (0LY) dV wox
391 UOTIBDIPUL UO Paseq 1ayoed

’ 10 Jo uonreanp isnlpy

(994) suorsstusuen () 10} (uonyeanp joyoed pojsulpe) sweld 198311

uoneinp jayoed 1snipe A[oA110910€

97
(¥9%) e1ep 1N panonb

JO JUNOWE JUTULISNRP “ayoed ADV VLS-IW/VH/AOV 097

] U1 BIRP JO JUNOUWR JUTULID(] .
10ed 1N
OSY (8S1) dV AQ pajoaras
’ uone.np jayoed autuLIa(g

(¥S) suoIssTwasue) 711 (uonyeanp 1a30ed Pa1oa[as) awely JS3LI], .

I0J uotneInp jayoed 109[9S

(ZSt) V1S ul pananb eyep N
mo JUNOouIe B@Eﬁmm JO me_ﬁO

our)

oY (l,
@ 0TH

0t



U.S. Patent May 31, 2022 Sheet 6 of 11 US 11,350,431 B2

500
v

506(1) 506(2) 506(11) 507

Frame Common User User Adi
Control Duration Info Info 1 Info n Padding

Subﬂ

S01A S501B Figm‘e S’A
520
r/
521 326 230 531

Frame |Duration/ Address Address Address Sequence Addreqs QoS Frame
Control D Control Control C()ﬁt[‘(}l B(}dy
Figure 5B
540
r/
Bits 0-3 Bit4  Bits 5-6 Bit 7 Bits 8—135

e N N Wi N e —

Ack A-MSDU y

Figure 5C




U.S. Patent May 31, 2022 Sheet 7 of 11 US 11,350,431 B2

600
\-‘

602

Select a packet duration for uplink (UL) transmissions from a station

(STA).

604

Transmit a trigger frame soliciting UL data from the STA and
indicating the selected packet duration.

606

Recerve an UL packet of the selected packet duration from the STA.

603

Selectively adjust the packet duration for subsequent UL
transmissions from the STA based on one or more of an amount of

data carried 1n the UL packet, an amount of padding inserted into the
UL packet by the STA, or an amount of UL data queued in the STA.

Figure 6

700

702

Transmit an indication of the adjusted packet duration to the STA.

Figure 7A



U.S. Patent May 31, 2022 Sheet 8 of 11 US 11,350,431 B2

710

712

Periodically increase the selected packet duration for a time period.

Figure 7B

720

722

Determine a weighted moving average of the estimated maximum

amount of data that the STA 1s able to include 1n a given packet.

724

Select a minimum amount of data that the STA 1s to include 1n each
UL packet based on the determined weighted moving average.

726

Transmit an indication of the selected minimum amount of data to the

STA.

Figure 7C



U.S. Patent May 31, 2022 Sheet 9 of 11 US 11,350,431 B2

300
\-

302

Decrease the packet duration when the amount of padding inserted

into the UL packet by the STA 1s greater than a value while at least
some UL data 1s queued 1n the STA.

Figure 8A

310

312

Decrease the packet duration when a size or duration of one or more

aggregated frames carried in the UL packet 1s less than a value.

Figure 8B

320

322

Decrease the packet duration when the amount of data carried in the
UL packet 1s less than the amount of UL data queued 1n the STA and

at least a portion of one or more data fields contained 1n the UL
packet do not carry queued UL data from the STA.

Figure 8C



U.S. Patent May 31, 2022 Sheet 10 of 11 US 11,350,431 B2

330

8332

Estimate a maximum amount of data that the STA 1s capable of

embedding 1n the UL packet based at least in part on the amount of
data carried 1n the UL packet.

334

Adjust the packet duration based on the estimated maximum amount

of data.

Figure 8D

340

342

Determine a weighted moving average of the estimated maximum

amount of data that the STA 1s able to include 1n a given packet.

344

Select a minimum amount of data that the STA 1s to include 1n each

UL packet based on the determined weighted moving average.

Figure SE



U.S. Patent May 31, 2022 Sheet 11 of 11 US 11,350,431 B2

900

902

In response to determining that a STA 1s underserving an AP,

estimate a maximum amount of data that the STA 1s able to include 1n
a given packet based on an amount of data contained 1n a UL packet.

904

Determine a weighted moving average of the estimated maximum
amount of data that the STA 1s able to include 1n the given packet.

906

Select a minimum amount of data that the STA 1s to include 1n each UL
packet.

9035

Transmit an indication of the selected maximum amount of data and

the selected mintmum amount of data to the STA.

Figure 9



US 11,350,431 B2

1

SELECTIVE ADJUSTMENT OF PACKET
DURATIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Patent Application claims priority to U.S. Provi-
sional Patent Application No. 62/8635,038 entitled “DETEC-

TION OF PACKET AGGREGATION LIMITS” and filed on
Jun. 21, 2019, which 1s assigned to the assignee hereot. The
disclosures of all prior Applications are considered part of
and are incorporated by reference 1n this Patent Application.

TECHNICAL FIELD

This disclosure relates generally to wireless communica-
tions, and more specifically to adjusting a packet duration
for uplink (UL) transmissions from one or more wireless
devices.

DESCRIPTION OF THE RELATED
TECHNOLOGY

A wireless local area network (WLAN) may be formed by
one or more access points (APs) that provide a shared
wireless medium for use by a number of client devices or
stations (STAs). Each AP, which may correspond to a Basic
Service Set (BSS), may periodically broadcast beacon
frames to enable any STAs within wireless range of the AP
to establish and maintain a communication link with the
WLAN. WLANSs that operate 1n accordance with the IEEE
802.11 family of standards are commonly referred to as
Wi-Fi1 networks.

Some wireless networks employ multiple access mecha-
nisms, such as an orthogonal frequency division multiple
access (OFDMA) mechanism, to allow multiple STAs to
transmit or receive data on a shared wireless medium at the
same time. In wireless networks employing OFDMA, the
available frequency spectrum may be divided into a plurality
of resource units (RUs) each including a number of different
frequency subcarriers, and diflerent RUs may be allocated or
assigned to different STAs at a given point 1n time to allow
the STAs to concurrently transmit uplink (UL) data to the
AP. Because each of the STAs may have diflerent amounts
of queued UL data, it would be desirable for the AP to have
an accurate estimate of how much queued UL data each of
the 1dentified STAs has, for example, so that the AP may
schedule UL transmissions from the identified STAs accord-

ingly.

SUMMARY

The systems, methods and devices of this disclosure each
have several innovative aspects, no single one of which 1s
solely responsible for the desirable attributes disclosed
herein.

One mnovative aspect of the subject matter described in
this disclosure can be implemented as a method for wireless
communication. The method may be performed by an appa-
ratus of an access point (AP), and may include selecting a
packet duration for uplink (UL) transmissions from a station
(STA); transmitting a trigger frame soliciting UL data from
the STA and indicating the selected packet duration; receiv-
ing an UL packet of the selected packet duration from the
STA; and selectively adjusting the packet duration for sub-
sequent UL transmissions from the STA based on one or
more of an amount of data carried in the UL packet, an
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2

amount of padding inserted into the UL packet by the STA,
or an amount of UL data queued in the STA. In some
implementations, the method also may 1nclude transmitting
an 1ndication of the adjusted packet duration to the STA. In
some 1nstances, the UL packet may be a high-efliciency
(HE) trigger-based (TB) physical layer convergence proce-
dure (PLCP) protocol data unit (PPDU). In some other

instances, the UL packet may include at least one medium
access control (MAC) protocol data unit (MPDU).

In some implementations, the UL packet may include an
indication of the amount of UL data queued in the STA. In
some 1nstances, the indication may be carried 1n a Quality-
of-Service (QoS) control field of the UL packet. In some
other instances, the indication may be carried 1n one or more
fields of any suitable frame or packet transmitted to the AP.

In some implementations, selectively adjusting the packet
duration may include decreasing the packet duration when
the amount of padding inserted into the UL packet by the
STA 1s greater than a value while at least some UL data 1s
queued 1n the STA. In some other implementations, selec-
tively adjusting the packet duration may include decreasing
the packet duration when a size or duration of one or more
agoregated frames carried 1 the UL packet 1s less than a
value. In some other implementations, selectively adjusting,
the packet duration may include decreasing the packet
duration when the amount of data carried in the UL packet
1s less than the amount of UL data queued 1n the STA and at
least a portion of one or more data fields contained in the UL
packet do not carry queued UL data from the STA. In some
other 1mplementations, selectively adjusting the packet
duration may include estimating a maximum amount of data
that the STA 1s capable of embedding in the UL packet based
at least in part on the amount of data carried 1 the UL
packet, and adjusting the packet duration based on the
estimated maximum amount of data.

In some implementations, the method also may include
determining a weighted moving average of the estimated
maximum amount of data that the STA 1s able to include n
a given packet, and selecting a minimum amount of data that
the STA 1s to include 1n each UL packet based on the
determined weighted moving average. In some instances,
the method also may include transmitting an indication of
the selected minimum amount of data to the STA. In some
other implementations, the method also may include peri-
odically increasing the selected packet duration for a time
period.

In some implementations, selecting the packet duration
for UL transmissions may be based at least in part on
estimating the amount of data that the STA has queued for
UL transmissions. In some 1nstances, the amount of UL data
queued 1n the STA may be based at least in part on UL queue
s1ze information provided by the STA prior to transmission
of the trigger frame. The UL queue size information may be
contained 1n one or more of a buller status report (BSR) or
a Quality-of-Service (QoS) control field of a previously
received UL packet from the STA.

Another innovative aspect of the subject matter described
in this disclosure can be implemented 1n an access point
(AP). In some implementations, the AP may include at least
one modem, one or more processors coupled to the at least
one modem, and a memory coupled to the at least one
modem and the one or more processors. The memory may
store 1nstructions that, when executed by the one or more
processors, cause the AP to perform a number of operations.
In some implementations, the number of operations may
include selecting a packet duration for uplink (UL) trans-
missions from a station (STA); transmitting a trigger frame
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soliciting UL data from the STA and indicating the selected
packet duration; receiving an UL packet of the selected
packet duration from the STA; and selectively adjusting the
packet duration for subsequent UL transmissions from the
STA based on one or more of an amount of data carried 1n
the UL packet, an amount of padding inserted into the UL
packet by the STA, or an amount of UL data queued in the
STA. In some implementations, the number of operations
also may include transmitting an indication of the adjusted
packet duration to the STA. In some 1nstances, the UL packet
may be a high-efliciency (HE) trigger-based (TB) physical
layer convergence procedure (PLCP) protocol data unit
(PPDU). In some other instances, the UL packet may include
at least one medium access control (MAC) protocol data unit
(MPDU).

In some 1mplementations, the UL packet may include an
indication of the amount of UL data queued in the STA. In
some 1nstances, the indication may be carried 1n a Quality-
of-Service (QoS) control field of the UL packet. In some
other 1nstances, the indication may be carried 1n one or more
fields of any suitable frame or packet transmitted to the AP.

In some implementations, selectively adjusting the packet
duration may include decreasing the packet duration when
the amount of padding inserted into the UL packet by the
STA 1s greater than a value while at least some UL data 1s
queued 1n the STA. In some other implementations, selec-
tively adjusting the packet duration may include decreasing,
the packet duration when a size or duration of one or more
agoregated frames carried i the UL packet 1s less than a
value. In some other implementations, selectively adjusting
the packet duration may include decreasing the packet
duration when the amount of data carried in the UL packet
1s less than the amount of UL data queued in the STA and at
least a portion of one or more data fields contained 1n the UL
packet do not carry queued UL data from the STA. In some
other implementations, selectively adjusting the packet
duration may 1nclude estimating a maximum amount of data
that the STA 1s capable of embedding in the UL packet based
at least 1n part on the amount of data carried in the UL
packet, and adjusting the packet duration based on the
estimated maximum amount of data.

In some implementations, the number of operations also
may include determining a weighted moving average of the
estimated maximum amount of data that the STA 1s able to
include in a given packet, and selecting a minimum amount
of data that the STA 1s to include 1n each UL packet based
on the determined weighted moving average. In some
instances, the number of operations also may 1nclude trans-
mitting an indication of the selected minimum amount of
data to the STA. In some other implementations, the number
ol operations also may include periodically increasing the
selected packet duration for a time period.

In some 1mplementations, selecting the packet duration
for UL transmissions may be based at least in part on
estimating the amount of data that the STA has queued for
UL transmissions. In some 1nstances, the amount of UL data
queued 1n the STA may be based at least 1n part on UL queue
s1ze information provided by the STA prior to transmission
of the trigger frame. The UL queue size information may be
contained 1n one or more of a BSR or a QoS control field of
a previously recetved UL packet from the STA.

Another innovative aspect of the subject matter described
in this disclosure can be implemented in a non-transitory
computer-readable medium. In some implementations, the
non-transitory computer-readable medium stores instruc-
tions that, when executed by one or more processors of an
access point (AP), cause the AP to perform operations that
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4

include selecting a packet duration for uplink (UL) trans-
missions from a station (STA); transmitting a trigger frame
soliciting UL data from the STA and indicating the selected
packet duration; receiving an UL packet of the selected
packet duration from the STA; and selectively adjusting the
packet duration for subsequent UL transmissions from the
STA based on one or more of an amount of data carried 1n
the UL packet, an amount of padding inserted into the UL
packet by the STA, or an amount of UL data queued in the
STA. In some implementations, the operations also may
include transmitting an indication of the adjusted packet
duration to the STA. In some 1nstances, the UL packet may
be a high-efliciency (HE) trigger-based ('TB) physical layer
convergence procedure (PLCP) protocol data unit (PPDU).
In some other mstances, the UL packet may include at least
one medium access control (MAC) protocol data unit
(MPDU.).

In some implementations, the UL packet may include an
indication of the amount of UL data queued in the STA. In
some 1nstances, the indication may be carried 1n a Quality-
of-Service (QoS) control field of the UL packet. In some
other 1nstances, the indication may be carried 1n one or more
fields of any suitable frame or packet transmitted to the AP.

In some 1implementations, selectively adjusting the packet
duration may include decreasing the packet duration when
the amount of padding inserted into the UL packet by the
STA 1s greater than a value while at least some UL data 1s
queued 1n the STA. In some other implementations, selec-
tively adjusting the packet duration may include decreasing
the packet duration when a size or duration of one or more
agoregated frames carried 1 the UL packet 1s less than a
value. In some other implementations, selectively adjusting
the packet duration may include decreasing the packet
duration when the amount of data carried in the UL packet
1s less than the amount of UL data queued in the STA and at
least a portion of one or more data fields contained 1n the UL
packet do not carry queued UL data from the STA. In some
other 1mplementations, selectively adjusting the packet
duration may include estimating a maximum amount of data
that the STA 1s capable of embedding 1n the UL packet based
at least 1n part on the amount of data carried 1n the UL
packet, and adjusting the packet duration based on the
estimated maximum amount of data.

In some implementations, the operations also may include
determining a weighted moving average of the estimated
maximum amount of data that the STA is able to include in
a given packet, and selecting a minimum amount of data that
the STA 1s to include in each UL packet based on the
determined weighted moving average. In some 1instances,
the number of operations also may include transmitting an
indication of the selected minimum amount of data to the
STA. In some other implementations, the operations also
may 1nclude periodically increasing the selected packet
duration for a time period.

In some implementations, selecting the packet duration
for UL transmissions may be based at least in part on
estimating the amount of data that the STA has queued for
UL transmissions. In some instances, the amount of UL data
queued in the STA may be based at least in part on UL queue
s1ze information provided by the STA prior to transmission
of the trigger frame. The UL queue size information may be
contained 1n one or more of a BSR or a QoS control field of
a previously recetved UL packet from the STA.

Another 1nnovative aspect of the subject matter described
in this disclosure can be implemented 1n an apparatus of an
access point (AP). In some implementations, the apparatus
may include means for selecting a packet duration for uplink
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(UL) transmissions from a station (STA); means for trans-
mitting a trigger frame soliciting UL data from the STA and
indicating the selected packet duration; means for receiving
an UL packet of the selected packet duration from the STA;
and means for selectively adjusting the packet duration for
subsequent UL transmissions from the STA based on one or
more of an amount of data carried 1n the UL packet, an
amount of padding inserted into the UL packet by the STA,
or an amount of UL data queued in the STA. In some
implementations, the apparatus also may include means for
transmitting an indication of the adjusted packet duration to
the STA. In some instances, the UL packet may be a
high-efliciency (HE) trigger-based (TB) physical layer con-
vergence procedure (PLCP) protocol data unit (PPDU). In
some other instances, the UL packet may include at least one
medium access control (MAC) protocol data unit (MPDU).

In some 1implementations, the UL packet may include an
indication of the amount of UL data queued in the STA. In
some 1nstances, the indication may be carried 1n a Quality-
of-Service (QoS) control field of the UL packet. In some
other 1nstances, the mndication may be carried 1n one or more
fields of any suitable frame or packet transmitted to the AP.

In some implementations, the means for selectively
adjusting the packet duration may be configured to decrease
the packet duration when the amount of padding inserted
into the UL packet by the STA 1s greater than a value while
at least some UL data 1s queued in the STA. In some other
implementations, the means for selectively adjusting the
packet duration may be configured to decrease the packet
duration when a size or duration of one or more aggregated
frames carried 1n the UL packet 1s less than a value. In some
other implementations, the means for selectively adjusting
the packet duration may be configured to decrease the packet
duration when the amount of data carried in the UL packet
1s less than the amount of UL data queued in the STA and at
least a portion of one or more data fields contained 1n the UL
packet do not carry queued UL data from the STA. In some
other implementations, the means for selectively adjusting
the packet duration may be configured to estimate a maxi-
mum amount of data that the STA 1s capable of embedding,
in the UL packet based at least 1n part on the amount of data
carried 1n the UL packet, and to adjust the packet duration
based on the estimated maximum amount of data.

In some implementations, the apparatus also may include
means for determining a weighted moving average of the
estimated maximum amount of data that the STA 1s able to
include 1 a given packet, and means for selecting a mini-
mum amount of data that the STA 1s to include 1n each UL
packet based on the determined weighted moving average.
In some 1nstances, the apparatus also may include means for
transmitting an 1ndication of the selected minimum amount
of data to the STA. In some other implementations, the
apparatus also may include means for periodically increas-
ing the selected packet duration for a time period.

In some implementations, selecting the packet duration
for UL transmissions may be based at least in part on
estimating the amount of data that the STA has queued for
UL transmissions. In some instances, the amount of UL data
queued in the STA may be based at least in part on UL queue
s1ze information provided by the STA prior to transmission
of the trigger frame. The UL queue size information may be
contained 1n one or more of a BSR or a QoS control field of
a previously recerved UL packet from the STA.

Details of one or more implementations of the subject
matter described in this disclosure are set forth in the
accompanying drawings and the description below. Other
teatures, aspects, and advantages will become apparent from
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6

the description, the drawings and the claims. Note that the
relative dimensions of the following figures may not be
drawn to scale.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 shows a block diagram of an example wireless
system.

FIG. 2 shows a block diagram of an example wireless
station (STA).

FIG. 3 shows a block diagram of an example access point
(AP).

FIG. 4A shows a timing diagram 1llustrating an example
operation for wireless communication.

FIG. 4B shows a timing diagram illustrating another
example operation for wireless communication.

FIG. SA shows an example trigger frame.

FIG. 5B shows an example media access control (MAC)
protocol data unmit (MPDU).

FIG. 5C shows an example Quality of Service (QoS)
control field.

FIG. 6 shows an illustrative flow chart depicting an
example operation for wireless communications that sup-
ports adjusting a duration of uplink (UL) packets.

FIG. 7A shows an 1llustrative flow chart depicting another
example operation for wireless communications that sup-
ports adjusting the duration of UL packets.

FIG. 7B shows an 1llustrative flow chart depicting another
example operation for wireless commumnications that sup-
ports adjusting the duration of UL packets.

FIG. 7C shows an 1llustrative flow chart depicting another
example operation for wireless communications that sup-
ports adjusting the duration of UL packets.

FIG. 8 A shows an 1llustrative flow chart depicting another
example operation for wireless communications that sup-
ports adjusting the duration of UL packets.

FIG. 8B shows an 1llustrative flow chart depicting another
example operation for wireless communications that sup-
ports adjusting the duration of UL packets.

FIG. 8C shows an 1llustrative flow chart depicting another
example operation for wireless commumnications that sup-
ports adjusting the duration of UL packets.

FIG. 8D shows an illustrative flow chart depicting another
example operation for wireless commumnications that sup-
ports adjusting the duration of UL packets.

FIG. 8E shows an 1llustrative flow chart depicting another
example operation for wireless communications that sup-
ports adjusting the duration of UL packets.

FIG. 9 shows an 1illustrative flow chart depicting another
example operation for wireless communications that sup-
ports adjusting the duration of UL packets.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

The following description 1s directed to certain imple-
mentations for the purposes of describing the imnovative
aspects of this disclosure. However, a person having ordi-
nary skill 1in the art will readily recognize that the teachings
herein can be applied in a multitude of different ways. The
described implementations may be implemented n any
device, system or network that 1s capable of transmitting and
receiving RF signals according to any of the IEEE 16.11
standards, or any of the IEEE 802.11 standards, the Blu-
ctooth® standard, code division multiple access (CDMA),
frequency division multiple access (FDMA), time division
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multiple access (TDMA), Global System for Mobile com-
munications (GSM), GSM/General Packet Radio Service

(GPRS), Enhanced Data GSM Environment (EDGE), Ter-
restrial Trunked Radio (TETRA), Wideband-CDMA

(W-CDMA), Evolution Data Optimized (EV-DO), 1xEV-
DO, EV-DO Rev A, EV-DO Rev B, High Speed Packet
Access (HSPA), High Speed Downlink Packet Access
(HSDPA), High Speed Uplink Packet Access (HSUPA),
Evolved High Speed Packet Access (HSPA+), Long Term
Evolution (LTE), AMPS, or other known signals that are
used to communicate within a wireless, cellular or internet
of things (I10T) network, such as a system utilizing 3G, 4G
or 3G, or further implementations thereof, technology.

Implementations of the subject matter described 1n this
disclosure may be used for selectively adjusting the length
or duration of uplink (UL) packets transmitted to an access
point (AP) from one or more stations (STAs, or other
wireless devices). In some implementations, the AP may
select the packet duration for UL transmuissions based at least
in part on capability information of STAs that are associated
with the AP. In some instances, the capability information
may indicate one or more hardware or software constraints
that limit the rate at which the STA can construct one or
more medium access control (MAC) protocol data units
(MPDU) or fill the payloads of the MPDUSs with queued UL
data. In some other implementations, the AP may obtain or
estimate an amount of data that a STA has queued for UL
transmission, and may select the packet duration for UL
transmissions based at least 1 part on the obtained or
estimated amount of queued UL data in the STA. The AP
may transmit a trigger frame that solicits UL data from the
STA and that indicates the selected packet duration. The
STA may receive the trigger frame, and transmit an UL
packet of the selected duration to the AP. If the STA 1s unable
to 111l a payload of the UL packet with enough queued UL
data to comply with the packet duration selected by the AP,
the STA may insert padding (such as null data or null
delimiter bytes) into the payload until the UL packet 1s of the
length or duration selected by the AP.

The AP may receive the UL packet from the STA, and
may determine one or more of an amount of data carried in
the UL packet, an amount of padding inserted into the UL
packet by the STA, or an amount of UL data queued 1n the
STA. In some 1nstances, the AP may determine the amount
of UL data queued in the STA based on UL queue size
information carried in the UL packet. In some implementa-
tions, the AP may selectively adjust the packet duration for
subsequent UL transmissions from the STA based on one or
more of the amount of data contained 1n the UL packet, the
amount of padding inserted into the UL packet, or the
amount of UL data queued 1n the STA.

Particular 1mplementations of the subject matter
described 1n this disclosure can be implemented to realize
one or more of the following potential advantages. When a
STA 1nserts padding (rather than queued UL data) into an UL
packet to comply with the packet duration selected by the
AP, airtime may be wasted and the wireless medium may be
under-utilized. By selectively adjusting the packet duration
for UL transmissions based on the amount of queued UL
data that the STA 1s capable of embedding in UL packets, t

he
AP may reduce or even eliminate the amount of padding
iserted mto UL packets by the STA to comply with the
packet duration selected by the AP, thereby potentially
increasing medium utilization. Also, by reducing the amount
of padding inserted 1nto a respective UL packet by the STA,
the AP may trigger additional data or communications in the
respective UL packet, for example, rather than waiting to
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trigger the additional data or communications in subsequent
UL packets. Thus, by selectively adjusting the packet dura-
tion for UL transmissions based on the amount of queued
UL data that the STA 1s capable of embedding in UL packets,
the AP may increase medium utilization and reduce trans-
mission latencies, for example, as compared with conven-
tional techniques that do not adjust the length or duration of
UL packets.

FIG. 1 shows a block diagram of an example wireless
system 100. The wireless system 100 1s shown to include a
wireless access point (AP) 110 and a number of wireless
stations (STAs) 1204-120i. For simplicity, one AP 110 1s
shown 1n FIG. 1. The AP 110 may form a wireless local area
network (WLAN) that allows the AP 110, the STAs 120a-
120:, and other wireless devices (not shown for simplicity)
to communicate with each other over a wireless medium.
The wireless medium, which may be divided into a number
of channels or into a number of resource units (RUs), may
tacilitate wireless communications between the AP 110, the
STAs 120a-120i, and other wireless devices connected to the
WLAN. In some 1mplementat10ns the STAs 1204-120: can
communicate with each other using peer-to-peer communi-
cations (such as without the presence or involvement of the
AP 110). The AP 110 may be assigned a unique MAC
address that 1s programmed therein by, for example, the
manufacturer of the access point. Similarly, each of the
STAs 120a-120:; also may be assigned a unique MAC
address.

In some 1mplementations, the wireless system 100 may

correspond to a multiple-input multiple-output (MIMO)

wireless network and may support single-user MIMO (SU-

MIMO) and multi-user (MU-MIMO) communications. In
some 1mplementations, the wireless system 100 may support
orthogonal frequency-division multiple access (OFDMA)
communications. Further, although the WLAN 1is depicted 1n
FIG. 1 as an infrastructure Basic Service Set (BSS), 1n some
other implementations, the WLAN may be an Independent
Basic Service Set (IBSS), an Extended Service Set (ESS), an
ad-hoc network, or a peer-to-peer (P2P) network (such as
operating according to one or more Wi-Fi Direct protocols).

The STAs 1204-120; may be any suitable Wi-F1 enabled
wireless devices including, for example, cell phones, per-
sonal digital assistants (PDAs), tablet devices, laptop com-
puters, or the like. The STAs 120a-120: also may be referred
to as a user equipment (UE), a subscriber station, a mobile
unit, a subscriber unit, a wireless unit, a remote unit, a
mobile device, a wireless device, a wireless communications
device, a remote device, a mobile subscriber station, an
access terminal, a mobile terminal, a wireless terminal, a
remote terminal, a handset, a user agent, a mobile client, a
client, or some other suitable terminology.

The AP 110 may be any suitable device that allows one or
more wireless devices (such as the STAs 120aq-120i) to
connect to another network (such as a local area network
(LAN), wide area network (WAN), metropolitan area net-
work (MAN), or the Internet). In some 1implementations, a
system controller 130 may {facilitate communications
between the AP 110 and other networks or systems. In some
implementations, the system controller 130 may facilitate
communications between the AP 110 and one or more other
APs (not shown for simplicity) that may be associated with
other wireless networks. In addition, or 1n the alternative, the
AP 110 may exchange signals and information with one or
more other APs using wireless communications.

The AP 110 may periodically broadcast beacon frames to
cnable the STAs 1204-120; and other wireless devices

within wireless range of the AP 110 to establish and maintain
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a communication link with the AP 110. The bacon frames,
which may indicate downlink (DL ) data transmissions to the
STAs 120a-120i and solicit or schedule uplink (UL) data
transmissions from the STAs 1204-120i, are typically broad-
cast according to a target beacon transmission time (TBTT) 5
schedule. The broadcasted beacon frames may include a
timing synchronization function (TSF) value of the AP 110.
The STAs 120a-120; may synchronize their own local TSF
values with the broadcasted TSF value, for example, so that
all of the STAs 1204-120: are synchronized with each other 10
and with the AP 110.

In some implementations, each of the stations STAs
1204-120; and the AP 110 may include one or more trans-
celvers, one or more processing resources (such as proces-
sors or Application-Specific Integrated Circuits (ASICs)), 15
one or more memory resources, and a power source (such as
a battery). The one or more transceivers may include Wi-Fi
transceivers, Bluetooth transceivers, cellular transceivers, or
other suitable radio frequency (RF) transceivers (not shown
for simplicity) to transmit and receirve wireless communi- 20
cation signals. In some 1mplementations, each transceiver
may communicate with other wireless devices in distinct
frequency bands or using distinct communication protocols.
The memory resources may include a non-transitory com-
puter-readable medium (such as one or more nonvolatile 25
memory elements, such as EPROM, EEPROM, Flash
memory, a hard drive, etc.) that stores instructions for
performing one or more operations described with respect to
FIGS. 4A, 4B, 6, 7TA, 7B, 7C, 8A, 8B, 8C, 8D, 8E, and 9.

FIG. 2 shows an example wireless station (STA) 200. The 30
STA 200 may be one implementation of at least one of the
STAs 120a-120: of FIG. 1. The STA 200 may include one or
more transceivers 210, a processor 220, a user interface 230,

a memory 240, and a number of antennas ANT1-ANTn. The
transceivers 210 may be coupled to antennas ANT1-ANTn, 35
either directly or through an antenna selection circuit (not
shown for simplicity). The transceivers 210 may be used to
transmit signals to and receive signals from other wireless
devices including, for example, a number of APs and a
number of other STAs. Although not shown 1n FIG. 2 for 40
simplicity, the transceivers 210 may include any number of
transmit chains to process and transmit signals to other
wireless devices via antennas ANT1-ANTn, and may
include any number of receive chains to process signals
received from antennas ANT1-ANTn. Thus, the STA 200 45
may be configured for MIMO communications and OFDMA
communications. The MIMO communications may include
SU-MIMO communications and MU-MIMO communica-
tions. In some implementations, the STA 200 may use
multiple antennas ANT1-ANTn to provide antenna diver- 50
sity. Antenna diversity may include polarization diversity,
pattern diversity, and spatial diversity.

The processor 220 may be any suitable one or more
processors capable of executing scripts or instructions of one
or more software programs stored 1n the STA 200 (such as 55
within the memory 240). In some implementations, the
processor 220 may be or include one or more microproces-
sors providing the processor functionality and external
memory providing at least a portion of machine-readable
media. In other implementations, the processor 220 may be 60
or include an Application Specific Integrated Circuit (ASIC)
with the processor, the bus interface, the user interface, and
at least a portion of the machine-readable media integrated
into a single chip. In some other implementations, the
processor 220 may be or include one or more Field Pro- 65
grammable Gate Arrays (FPGAs) or Programmable Logic
Devices (PLDs).

10

The user interface 230, which 1s coupled to the processor
220, may be or represent a number of suitable user input
devices such as, for example, a speaker, a microphone, a
display device, a keyboard, a touch screen, and so on. In
some 1mplementations, the user interface 230 may allow a
user to control a number of operations of the STA 200, to
interact with one or more applications executable by the
STA 200, and other suitable functions.

In some implementations, the STA 200 may include a
satellite positioning system (SPS) recerver 250. The SPS
receiver 250, which 1s coupled to the processor 220, may be
used to acquire and receive signals transmitted from one or
more satellites or satellite systems via an antenna (not shown
for simplicity). Signals received by the SPS receiver 250
may be used to determine (or at least assist with the
determination of) a location of the STA 200.

The memory 240 may include a device database 241 that
may store location data, configuration information, data
rates, a medium access control (MAC) address, timing
information, modulation and coding schemes (MCSs), trai-
fic indication (TID) queue sizes, ranging capabilities, and
other suitable information about (or pertaining to) the STA
200. The device database 241 also may store profile infor-
mation for a number of other wireless devices. The profile
information for a given wireless device may include, for
example, a service set 1dentification (SSID) for the wireless
device, a Basic Service Set Identifier (BSSID) operating
channels, TSF values, beacon intervals, ranging schedules,
channel state iformation (CSI), recerved signal strength
indicator (RSSI) values, goodput values, and connection
history with the STA 200. In some implementations, the
proﬁle information for a gwen wireless device also may
include clock offset values, carrier frequency offset values,
and ranging capabilities.

-

T'he memory 240 also may be or include a non-transitory
computer-readable storage medium (such as one or more
nonvolatile memory elements, such as EPROM, EEPROM,
Flash memory, a hard drive, and so on) that may store
computer-executable instructions 242 to perform all or a
portion of one or more operations described 1n this disclo-

sure.
FIG. 3 shows an example access point (AP) 300. The AP

300 may be one implementation of the AP 110 of FIG. 1. The
AP 300 may include one or more transceivers 310, a
processor 320, a memory 330, a network interface 340, and
a number of antennas ANT1-ANTn. The transceivers 310
may be coupled to the antennas ANT1-ANTn, either directly
or through an antenna selection circuit (not shown for
simplicity). The transceivers 310 may be used to transmit
signals to and receive signals from other wireless devices
including, for example, one or more of the STAs 120a-120;
of FIG. 1 and other APs. Although not shown 1n FIG. 3 for
simplicity, the transceivers 310 may include any number of
transmit chains to process and transmit signals to other
wireless devices via the antennas ANT1-ANTn, and may
include any number of receive chains to process signals
recetved from the antennas ANT1-ANTn. Thus, the AP 300
may be configured for MIMO communications and OFDMA
communications. The MIMO communications may include
SU-MIMO communications and MU-MIMO communica-
tions. In some 1mplementations, the AP 300 may use mul-
tiple antennas ANT1-ANTn to provide antenna diversity.
Antenna diversity may include polarization diversity, pattern
diversity, and spatial diversity.

The network interface 340, which 1s coupled to the
processor 320, may be used to communicate with the system
controller 130 of FIG. 1. The network interface 340 also may
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allow the AP 300 to communicate, either directly or via one
or more intervening networks, with other wireless systems,
with other APs, with one or more back-haul networks, or any
combination thereof.

The memory 330 may include a device database 331 that
may store location data, configuration information, data
rates, the MAC address, timing information, MCSs, ranging,
capabilities, and other suitable information about (or per-
taining to) the AP 300. The device database 331 also may
store profile information for a number of other wireless
devices (such as one or more of the stations 120a-120i of
FIG. 1). The profile information for a given wireless device
may include, for example, an SSID for the wireless device,
a BSSID, operating channels, CSI, received signal strength
indicator (RSSI) values, goodput values, and connection
history with the AP 300. In some implementations, the
profile information for a given wireless device also may
include TID queue sizes, a preferred packet duration for
trigger-based UL transmissions, and a maximum amount of
queued UL data that the wireless device 1s able to msert into
TB PPBUs.

The memory 330 also may be or include a non-transitory
computer-readable storage medium (such as one or more
nonvolatile memory elements, such as EPROM, EEPROM,
Flash memory, a hard drive, and so on) that may store
computer-executable instructions 332 to perform all or a
portion of one or more operations described 1n this disclo-
sure.

FIG. 4A shows a timing diagram 400 depicting an
example operation 400 for adjusting a packet duration for
triggered uplink (UL) transmissions from one or more STAs
420 to an AP 410. The AP 410 may be any suitable AP
including, for example, the AP 110 of FIG. 1 or the AP 300
of FIG. 3. Each of the one or more STAs 420 may be any
suitable wireless station including, for example, the stations
120a-120: of FI1G. 1 or the STA 200 of FIG. 2. Although only
one STA 420 1s shown 1n FIG. 4 A for simplicity, the example
operation 400 of FIG. 4A may be performed with any
suitable number of STAs. As such, any reference herein to
more than one STA 420 may refer to the STA 420 of FIG.
4 A and to one or more other STAs (not shown for simplicity)
that are triggered for UL transmissions by the AP 410. In
some 1implementations, the AP 410 may operate or control a
BSS, and the one or more STAs 420 may be associated with
the AP 410 and belong to the BSS.

At or before time t,, the AP 410 may estimate an amount
of data (such as in bytes) that the STA 420 has queued (or
“butlered”) for UL transmission to the AP 410. As used
herein, the estimated amount of queued UL data also may be
referred to as an “uplink (UL) queue depth estimate™ or an
“UL trafhic identifier (T1D) queue depth estimate.” In some
implementations, the AP 410 may estimate the amount of
queued UL data in the STA 420 based on information
contained 1n a quality of service (QoS) control (*queue
s1ze”) field of one or more UL packets previously received
from the STA 420. In some other implementations, the AP
410 may estimate the amount of queued UL data at the STA
420 based on a Bufler Status Report provided by the STA
420 1n response to a Bufler Status Report Poll (BSRP)
transmitted by the AP 410 to the STA 420.

At or before time t,, the AP 410 may select a packet
duration for UL transmissions from the STA 420 (and for
other STAs triggered for UL transmissions to the AP 410).
In some implementations, the AP 410 may select the packet
duration based on the estimated amount of queued UL data
at the STA 420, an estimated sustainable PHY rate of the
STA 420, or both. Techniques for estimating the sustainable
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PHY rate of a wireless communication device such as a STA
are well-known 1n the art, and therefore not repeated herein.
Selecting the UL packet duration based on the estimated
amount of queued UL data at the STA 420 may increase the
likelihood that the STA 1s able to fill the payloads of one or
more packets with similar amounts of queued UL data. As a
non-limiting example, i1 the estimated amount of UL data at
the STA 420 1s equivalent to a packet length of more than of
4 milliseconds (ms), the AP 410 may select a UL packet
duration of 4 ms, for example, to increase the likelihood that
the STA 1s able to fill the packet payload with queued UL
data. As another non-limiting example, 1 the estimated
amount of UL data at the STA 420 1s equivalent to a packet
length of 14 ms (or a hundred or so microseconds less), the
AP 410 may select a UL packet duration of approximately
3.5 ms, for example, so that the STA 420 can fill the
payloads of four UL packets with 1ts queued UL data,

evenly. For UL data to be transmitted using MU-MIMO
communications, the AP 410 may select a number of spatial
streams (NSS) to be used by each STA 420 triggered for UL
transmissions to the AP 410. For UL data to be transmitted
using OFDMA communications, the AP 410 may allocate
one or more unique resource units (RUs) to each STA 420
that 1s triggered for UL transmissions to the AP 410.

Selecting the UL packet duration based on the estimated
sustainable PHY rate of the STA 420 may increase the
likelihood that the STA can insert queued UL data into the
payloads of UL packets (and transmit the UL packets) with
suilicient speed to meet the selected UL packet duration. As
a non-limiting example, 1f the estimated sustainable PHY
rate of the STA 420 1s imsuilicient for the STA 420 to
construct and embed MPDUSs carrying a certain amount (or
more) of queued UL data mto an UL PPDU of the selected
duration, the AP 410 may decrease the UL packet duration.
The STA 420 may be more likely to fill the payloads of
subsequent UL packets with queued UL data, rather than
padding, which may improve throughput and efliciency
metrics of a wireless medium or wireless network.

At time t,, the AP 410 may transmit a trigger frame
soliciting UL data from one or more of the STAs 420. The
trigger frame may 1dentily the one or more STAs 420 for UL
transmissions, may indicate the selected packet duration,
may indicate the MCS to be used by the 1dentified STAs 420,
may indicate the number of spatial streams to be used by the
identified STAs 420, and may allocate one or more unique
RUs to each of the identified STAs 420. In some implemen-
tations, the trigger frame may be a high-efliciency (HE)
trigger-based (TB) physical layer convergence procedure
(PLCP) protocol data unit (PPDU). In some other imple-
mentations, the trigger frame may be an extremely high
throughput (EHT) PPDU.

At timet ,, the STA receives the trigger frame and decodes
the information contained therein. At time tp, the STA
transmits an UL packet to the AP 410 using the one or more
RUs allocated by the AP 410. In some implementations, the
UL packet may be a HE TB PPDU containing a number of
data frames such as medium access control (MAC) protocol
data units (MPDUSs). In some other implementations, the UL
packet may be an EHT TB PPDU containing a number of
data frames such as MPDUs. Each of the MPDUs may
include a MAC header containing a QoS Control field, and
may include a payload containing at least a portion of the UL
data queued 1n the STA. The QoS Control field may indicate
an updated UL queue size for the STA. In some implemen-

tations, the STA may aggregate each of the MPDUSs 1nto a
single aggregated MPDU (A-MPDU) contained 1n the UL

packet (such as a HE TB PPDU or an EHT TB PPDU).
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In some 1implementations, the AP 410 and the STA may
negotiate a MPDU window size for each TID, for example,
during establishment of a block acknowledgement (BA)
policy between the AP 410 and the STA. For example, the
negotiated MPDU window size may be 32 MPDUs, 64
MPDUs, 128 MPDUSs, or any other suitable number of
MPDUs. For purposes of discussion herein, the negotiated
MPDU window size may be referred to as a “TID MPDU
aggregation limit” or an *“aggregation limait.”

In some implementations, the STA may not be able to
isert enough of 1ts queued UL data into the UL packet to
meet the packet duration selected by the AP 410, and may
insert padding (rather than UL data) into one or more of the
MPDUs so that the resulting UL packet 1s of the duration
selected by the AP 410. For example, due to hardware or
soltware constraints, the STA may not be able to construct
MPDUs at a rate suflicient to completely fill the payloads of
the MPDUSs with 1ts queued UL data. In addition, or in the
alternative, the STA may construct the UL packet with
smaller-than-expected MPDUSs (such as with MPDUs hav-
ing a duration less than the negotiated TID MPDU window
size). For example, the STA may aggregate a number of
MPDUs of a particular length corresponding to the negoti-
ated TID MPDU aggregation limit and, once the STA
reaches the aggrega‘[ion limit, the STA may nsert padding
into the remaining or unused portions of the payload of one
or more MPDUs, for example, so that the resulting UL
packet 1s of the duratlon indicated in the trigger frame.

At time t,, the AP 410 may receive the UL packet (such
as a HE TB PPDU or an EHT TB PPDU) from the STA. For
the example of FIG. 4A, the UL packet may contain pad-
ding, even though the STA has enough queued UL data to fill
the entire UL packet. As such, the amount of UL data
contained in the UL packet may be less than the TID queue
s1ze reported by the STA (such as 1n a Buller Status Report),
less than the amount of queued UL data estimated by the AP
410, or both. Just after time t,, the AP 410 may transmit a
multi-STA block acknowledgement (“multi-STA BA™)
frame to acknowledge reception of the UL packets.

At time t,, the AP 410 may determine the amount of data
contained 1n the UL packet, the amount of padding contained
in the UL packet, the number of aggregated frames con-
tained 1n the UL packet, and the amount of UL data queued
in the STA. In some implementations, the AP 410 may
determine the amount of UL data queued 1n the STA based
on information contained 1n the recerved UL packet (such as
the queue size mdicated 1n the QoS control field of the UL
packet).

At time t., the AP 410 may adjust the packet duration for
UL transmissions based on one or more of the amount of
data contained in the UL packet, the amount of padding
contained i1n the UL packet, the number of aggregated
frames contamned in the UL packet, or the determined
amount of UL data queued 1n the STA. In some implemen-
tations, the AP 410 also may consider one or more of an
average irame length, the number of triggered STAs, or an
estimated sustainable PHY rate of each of the tniggered
STAs when adjusting the packet duration for UL transmis-
S101S.

The AP 410 may determine (on a per-STA basis) one or
more parameters for determining whether a particular STA
1s underserving the AP’s selected UL resource assignment
(such as the number of spatial streams (INSS) for UL
MU-MIMO transmissions or an RU allocation for UL
OFDMA transmissions). In some implementations, the AP
410 may determine one or more of the number of data bytes

in the UL packet (denoted as “PPDU_RX_DAT-
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A_BYTES_STA”), the number of MPDUs (denoted as
“PPDU_NUM_RX_DATA_MPDU_STA ), or the average
MPDU length (denoted as PPDU_AVG_MPDU_LEN_

STA)).
The AP 410 may calculate the average received MPDU

length according to the following equation:

Number of received data bytes

A ived MPDU length =
verage recelve e Number of received data MPDUs

The AP 410 also may determine an estimated queue size
(or depth) 1 bytes (denoted as “PPDU_QS_BY-

TES_STA.”). As discussed, the STA 420 may indicate 1ts
queue size in the QoS control field of the UL packet. The AP
410 also may determine a number of received null delimiter
bytes 1n the UL packet (denoted as “PPDU_RX_NULL_DE-
LIM_BYTES_STA.”), which may indicate the amount of
padding contained in the UL packet.

The AP 410 may use the aforementioned parameters to
determine whether the STA 1s underserving the AP 410 for
a given UL packet. For example, the AP 410 may determine
that the STA 1s underserving the AP 410 1f an amount of data
contained in the UL packet i1s less than the determined
amount of UL data queued 1n the STA prior to the trans-
mission of the UL packet, 11 an amount of padding contained
in the UL packet 1s greater than an average length of the
number of aggregated data frames contained in the UL
packet by a first value (such as a first threshold value
selected or configured by the AP 410), 1f the determined
amount of UL data queued in the STA prior to the trans-
mission of the UL packet 1s greater than the average frame
length of the UL packet by at least a second value (such as
a second threshold value selected or configured by the AP
410), or any combination thereof. In some implementations,
the AP 410 may determine that the STA 1s underserving the
AP 410 for an UL packet 1f one or more of the following
Conditions 1-3 are true for the UL packet:

Number of received data bytes<Estimated queue
S17¢e:

(1)

Number of received null delimiter

bytes=C1*Average received MPDU length; and (2)

Estimated queue size—-Number of received data

bytes=(2* Average received MPDU length, (3)

where C1 and C2 are constants and may be equal to 1.

In some implementations, the AP 410 may adjust the
constants C1 or C2 according to a desired sensitivity to false
positives when the AP 410 1s identifying underserving STAs.
As a non-limiting example, Condition 2 may be true when
the UL packet contains enough padding to have fit at least
one additional MPDU having the average recetved MPDU
length into the UL packet payload, and Condition 3 may be
true when a difference between the estimated queue size and
the amount of data received 1n the UL packet 1s greater than
a certain multiple of the average received MPDU length.
The AP 410 may determine whether one or more of Con-
ditions 1-3 are true during reception of the UL packet, after
reception of the UL packet, or both.

In response to determiming that the STA 1s underserving
the AP 410, the AP 410 may estimate a maximum amount of
data that the STA 1s able to include 1 a subsequent UL
packet based on the amount of data contained 1n the current
UL packet. In some implementations, the AP 410 may, in
response to determining that a STA 1s underserving the AP
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410, decrease the selected packet duration (such as to
increase the likelihood that the STA 1s able to fill the
payloads of UL packets). For purposes of discussion herein,
the estimated maximum amount of data for a STA, may be
referred to as “Estimated Max_ PPDU_Bytes STA” or
“estimated potential upper bound.” In some 1mplementa-
tions, the AP 410 may set the estimated potential upper
bound to the number of received data bytes, and may set a
welghted moving average for the estimated potential upper
bound equal to:

a*Estimated_Max_PPDU_Bytes. STA i
*Number of received data bytes,

where Estimated_Max_PPDU_ByteS_STA_ipFEV represents

a previous 1teration of the moving average for the estimated
potential upper bound, and a 1s an adjustable value (such as
78).

In some implementations, the AP 410 may, 1n response to
determining that the STA 1s not underserving the AP 410, set
the weighted moving average for the estimated potential
upper bound equal to:

+(1-)

prev

a*Estimated_Max_PPDU_Bytes_ STA, prev+(1-a)
*Temp,

where Temp, 1s equal to the higher of Estimated
Max_PPDU_Bytes_ STA, prev and Number of received
data bytes.

In addition, or in the alternative, the AP 410 may select a
mimmum amount of data that the STA 1s to include 1n each
UL packet. For example, the AP 410 may set a minimum
value of the weighted moving average for the estimated
potential upper bound, such as to an adjustable minimum
byte value (64*1500 bytes=96,000 minimum) that the STA
may be expected to support. In this manner, the AP 410 may
increase a sensitivity to false detections of underserving
STAs due to an mcorrect Queue Size report from the STA.

The AP 410 also may update the estimated potential upper
bound 1f the AP 410 determines that a total number of bytes
contained 1n a given UL packet 1s higher than the estimated
potential upper bound. For example, the AP 410 may set the
estimated
contained bytes, rather than calculating the corresponding
iteration for the weighted average of the estimated potential
upper bound.

In addition, or in the alternative, the AP 410 may peri-
odically increase the estimated potential upper bound to
account for instances where the UL performance for the STA
improves over time (such as when transitioning out of a
power-saving mode) as well as to decrease false detections
of underserving STAs. For example, for every N trigger
frames that the AP 410 transmits, the AP 410 may increase
the estimated potential upper bound by a multiple of the
average MPDU size (in bytes) for the UL packets already
received at the AP 410. As a non-limiting example, N may
be equal to 10. In addition, or in the alternative, the AP 410
may periodically increase the selected packet duration for a
time period.

In some 1implementations, the AP 410 may repeat one or
more of the above determinations for one or more additional
UL packets (not shown 1n FIG. 4A for simplicity) and track
the results over time. In this manner, the AP 410 may
augment (or “refine,” “enhance,” or “modily”) the queue
depth that the STA reported 1n the UL packet (from time t)
based on the STA’s historical UL performance discussed
above. For purposes of discussion herein, the reported queue
depth (1n bytes) may be referred to as “Reported_Queue_
Si1ze_Bytes STA” or “reported queue depth.”
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In some implementations, the AP 410 may determine an
expected number of response bytes that the STA will include
in an upcoming UL packet based on the above determina-
tions. The expected number of response bytes may be
referred to heremn as “Expected PPDU_Response
Bytes_STA..” For example, the AP 410 may set the expected
number of response bytes equal to the lower of the estimated
potential upper bound and the reported queue depth.

In addition, or in the alternative, the AP 410 may peri-
odically probe the STA and set the expected number of
response bytes equal to the lower of:

C3*Average PPDU_MPDU_SIZE_STA +Estimated
potential upper bound; and Reported_Queue_Si-
ze_Bytes STA i,

where C3 1s a tunable value representing a number of
additional MPDU s that the AP 410 determines to allocate for

the STA 1n the UL packet,

Average PPDU_MPDU_SIZE_STA, represents an average
length (1n bytes) for some number of recently received
MPDUs 1n UL packets from STA , and

Reported_Queue_Size_Bytes_STA, represents a most recent
queue size estimate received from the STA, such as in the
QoS Control field, a Bufler Status Report (BSR), or any
other suitable method of delivery. In this manner, the AP 410
may refine the estimate of the expected maximum number of
bytes that the STA may deliver to the AP 410 1n an upcoming
UL packet, adjusted for unexpected padding due to possibly
unknown limitations of the STA. After time t., the AP 410
may transmit a subsequent adjusted trigger frame (not
shown 1n FIG. 4A for simplicity) that indicates the updated
estimated potential upper bound.

In some implementations, the subsequent trigger frame
may further contain an indication of the selected maximum
amount of data mentioned above, the selected minimum
amount of data mentioned above, or both. In some aspects,
the subsequent trigger frame also may indicate additional
parameters for UL transmissions, such as an estimated
Modulation and Coding Scheme (MCS), a selection between
a UL-MU-MIMO mode and a UL-OFDMA mode, an UL
packet duration, a set of STAs, a NSS, a frequency domain
resource unit (RU) allocation, among other parameters.

FIG. 4B shows a timing diagram illustrating another
example operation 450 for wireless communication. The
operation 450 1s depicted between an AP 410 and a STA 420.
The AP 410 may be any suitable AP including, for example,
the AP 110 of FIG. 1 or the AP 300 of FIG. 3. Each of the
STAs may be any suitable wireless station including, for
example, the stations 120a-120; of FIG. 1 or the STA 200 of
FIG. 2. Although only one STA 420 i1s shown 1n FIG. 4 for
simplicity, the example operation of FIG. 4 may be per-
formed with any suitable number of STAs. In some 1mple-
mentations, the AP 410 may operate or control a BSS, and
the one or more STAs may be associated with the AP 410
and belong to the BSS.

In some implementations, the AP 410 may obtain or
estimate the amount of UL data queued in the STA 420
(452). In some 1nstances, the AP 410 may receive UL queue
size 1nformation 1n one or more previously recerved UL
packets from the STA 420. In some other instances, the AP
410 may receive UL queue size information in one or more
BSRs provided by the STA 420. In some other implemen-
tations, the AP 410 may not obtain or estimate the amount
of UL data queued in the STA 420 prior to selecting the
packet duration for UL transmissions from the STA 420. For
example, an AP operating 1n a wireless network that utilizes
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multi-user orthogonal frequency division multiple access
(MU-OFDMA) techniques for UL transmissions may not
need, or may not consider, the UL queue size of STA 420 (or
the UL queue sizes of other triggered STAs) when selecting
the duration of UL packets.

The AP 410 may select a packet duration for UL trans-

missions from STAs associated with the AP 410 (454). In
some 1nstances, the AP 410 may select the packet duration
based on the obtained amount of queued UL data 1n the STA

420, on the estimated amount of queued UL data 1n the STA

420, on an estimated sustainable PHY rate of the STA 420,

or on any other suitable parameter or metric from which the
amount of data that the STA 420 1s capable of embedding 1n
an UL packet can be determined or derived.

The AP 410 may transmit a trigger frame that solicits UL

data from one or more STAs, and that indicates the packet
duration selected by the AP 410 (456). The trigger frame

also may 1dentity the one or more STAs for UL transmis-
sions, may indicate the MCS to be used by the one or more
identified STAs, may indicate the number of spatial streams
to be used by the one or more identified STAs, and may
allocate RUs to the one or more 1dentified STAs for UL
transmissions.

The STA 420 recewves the trigger frame, decodes the
information contained therein, and determines the packet
duration selected by the AP 410 (458). The STA 420
transmits an UL packet of the selected packet duration to the
AP 410 (460). In some implementations, the UL packet may
be a HE TB PPDU containing one or more data frames such
as medium access control (MAC) protocol data units (MP-
DUs). In some other implementations, the UL packet may be
an EHT TB PPDU containing one or more data frames such
as MPDUs. Each of the MPDUs may include a MAC header
contaiming a QoS Control field, and may include a payload
containing at least a portion of the UL data queued in the
STA 420. The QoS Control field may indicate an updated UL
queue size for the STA 420. In some implementations, the
STA 420 may aggregate each of the MPDUs 1nto a single
ageregated MPDU (A-MPDU) contained in the UL packet.

If the STA 420 1s not able to isert enough of 1ts queued
UL data mto the UL packet to meet the packet duration
selected by the AP 410, the STA 420 may insert padding
(rather than UL data) into one or more of the MPDUSs until
the resulting UL packet 1s of the duration selected by the AP
410. For example, due to hardware or soitware constraints,
the STA 420 may not be able to construct MPDUSs quickly
enough to completely fill the payloads of the MPDUs with
queued UL data. In addition, or in the alternative, the STA
420 may construct the UL packet with smaller-than-ex-
pected MPDUSs (such as with MPDUSs having a duration less
than the negotiated TID MPDU window size). For example,
the STA 420 may aggregate a number of MPDUs of a
particular length corresponding to the negotiated TID
MPDU aggregation limit and, once the STA 420 reaches the
aggregation limit, the STA 420 may insert padding into the
remaining or unused portions of the payload of one or more
MPDU s, for example, so that the resulting UL packet 1s of
the duration indicated in the trigger frame.

The AP 410 may recerve the UL packet (such as an HE TB
PPDU or an EHT TB PPDU) from the STA 420. For the
example of FIG. 4B, the UL packet may contain padding,
even though the STA 420 has enough queued UL data to fill
the entire UL packet. As such, the amount of UL data
contained in the UL packet may be less than the TID queue
s1ze reported by the STA 420, less than the amount of queued

UL data estimated by the AP 410, or both. The AP 410 may
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acknowledge reception of the UL packet from the STA 420
using ACK, frames, BA frames, M-STA BA frames, or any
other suitable message (462).

The AP 410 may determine the amount of data contained
in the UL packet, the amount of padding contained 1n the UL
packet, the number of aggregated frames contained in the
UL packet, and the amount of UL data queued 1n the STA
420 (464). In some implementations, the AP 410 may
determine the amount of UL data queued in the STA 420
based on information contained in the received UL packet
(such as the queue size indicated 1n the QoS control field of
the UL packet).

The AP 410 may selectively adjust the packet duration for
subsequent UL transmissions based on one or more of the
amount of data contained in the UL packet, the amount of
padding 1nserted into the UL packet by the STA, the number
of aggregated frames contained in the UL packet, or the
determined amount of UL data queued in the STA 420 (466).
In some implementations, the AP 410 also may consider one
or more of an average frame length, the number of triggered
STAs, or an estimated sustainable PHY rate of each of the
triggered STAs when adjusting the packet duration for UL
transmissions.

In some 1implementations, the AP may transmit a second
trigger frame that solicits UL data from one or more STAs,
and that indicates the adjusted packet duration (468). The
second trigger frame also may identify the one or more STAs
for UL transmissions, may indicate the MCS to be used by
the one or more 1dentified STAs, may indicate the number of
spatial streams to be used by the one or more identified
STAs, and may allocate RUs to the one or more identified
STAs for UL transmissions.

In some 1mplementations, the STA 420 receives the
second trigger frame, decodes the information contained
therein, and determines the adjusted packet duration indi-
cated by the AP 410 (470). The STA 420 transmits an UL
packet of the adjusted packet duration to the AP 410 based
on receiving the second trigger frame (472). In some 1mple-
mentations, the UL packet may be a HE TB PPDU contain-
ing one or more data frames such as MPDUSs. In some other
implementations, the UL packet may be an EHT TB PPDU
containing one or more data frames such as MPDUs. Each
of the MPDUSs may include a MAC header containing a QoS
Control field, and may include a payload containing at least
a portion of the UL data queued in the STA 420. The QoS
Control field may indicate an updated UL queue size for the
STA 420. In some implementations, the STA 420 may
aggregate each of the MPDUs mto a single A-MPDU
contained 1n the UL packet.

In some 1mplementations, the AP 410 may periodically
increase the selected packet duration for a time period. In
some other implementations, the AP 410 may repeat one or
more of the above determinations for one or more additional
UL packets (not shown i FIG. 4B for simplicity) and track
the results over time. In this manner, the AP 410 may
augment (or “refine,” “enhance,” or “modily”) the queue
depth that the STA 420 reported in the UL packet ({from time
t,) based on the STA’s historical UL performance discussed
above.

FIG. SA shows an example trigger frame 500. The trigger
frame 500 may be used as one or more of the trigger frames

described with respect to FIGS. 4A and 4B. The trigger
frame 500 1s shown to contain a frame control field 501, a

duration field 502, a receiver address (RA) field 503, a
transmitter address (TA) field 504, a Common Info field 505,
a number of User Info fields 506(1)-506(7), an optional
Padding field 507, and a frame check sequence (FCS) field
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508. In some implementations, the trigger frame 500 may be
an UL OFDMA mode (RUs) trigger frame. In some other
implementations, the trigger frame 300 may be an UL
MU-MIMO mode (NSS) trigger frame.

The frame control field 501 contains a Type field 501A
and a Sub-type field 501B. The Type field 501A may store
a value to indicate that the trigger frame 500 1s a control
frame, and the Sub-type field 501B may store a value
indicating a type of the trigger frame 500. The duration field
502 may store information indicating a duration or length of
the trigger frame 500. The RA field 503 may store the
address of a receiving device, such as the STA 420 of FIG.
4A or the STA 420 of FIG. 4B. The TA field 504 may store
the address of a transmitting device, such as the AP 410 of
FIG. 4A or the AP 410 of FIG. 4B. The Common Info field
505 may store information common to one or more rece1v-
ing devices. Each of the User Info fields 506(1)-506(72) may
store information for a particular receiving device contain-
ing, for example, the AID of the recerving device. The
Padding field 507 may extend a length of the trigger frame
500, for example, to give a recerving device additional time
to generate a response. The FCS field 508 may store a frame
check sequence (such as for error detection).

In some 1implementations for which an AP solicits UL data
transmissions ifrom one or more STAs using the trigger
frame 500, the selected duration of UL packets may be
carried 1n the Common Info field 505 of the trigger frame
500 (such as m an UL length subfield of the Common Info
ficld 505). In some other implementations for which the AP
solicits UL data transmissions from one or more STAs using
control information carried in a DL data transmission (rather
than soliciting UL data transmissions using a trigger frame)
the selected duration of UL packets may be carried in the
control information of the DL data transmission. For
example, when the AP solicits UL data transmissions from
one or more STAs using triggered response scheduling
(TRS) information carried in an A-Control subfield of the
Control Information subfield of an HE variant Control field,
the selected duration of UL packets may be carried in the UL
Data Symbols subfield of the A-Control subfield.

In some implementations, the trigger frame 500 may
allocate resources for and solicit one or more UL packet
transmissions from a receiving device, such as the STA 420
of FIG. 4A or the STA 420 of FIG. 4B. For example, the
duration field 502 may indicate an estimated time for a
receiving device to transmit an UL packet. Additional
parameters for the solicited UL packet may be indicated in
one or more sublfields (not shown) of the Common Info field
505. For example, when the UL packet 1s a HE TB PPDU,
the additional parameters may include a value of a L-SIG
Length field, a bandwidth in a HE-SIG-A, a guard interval
(GI), a HE-LTF type, a LTF mode, a number of HE-LTF
symbols, among other parameters. Additional parameters for
the solicited UL packet may be indicated using one or more
subfields of the User Info fields 506(1)-506(»). Example
parameters include a code type (such as low-density parity-
check, LDCP), a Modulation and Coding Scheme (MCS), a
Dual Carnier Modulation (DCM), a number of spatial
streams (SS), a number of contiguous RUs, and an expected
receive signal power.

In some aspects, the trigger frame 500 may allocate
dedicated RUs to associated STAs identified by AID values
stored 1n corresponding ones of the User Info fields 506(1)-
506(#»). In other aspects, the trigger frame 500 may allocate
random RUs to one or more groups of STAs using pre-
defined AID values stored in the User Info fields 506(1)-

506(»). For example, the AP may indicate a size (a number
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ol bits) of the RUs, a location (a bandwidth) of the RUs, or
a selected BSS to which random RUSs are allocated. In some

aspects, one or more subfields i the User Info fields
506(1)-506(z) may 1indicate parameters for MPDUs con-
tamed 1 an A-MPDU carried in an UL packet from a
receiving device. Example parameters include a number of
MPDUs that may be contained 1n the A-MPDU, a maximum
number of traflic identifiers (TIDs) that may be aggregated
in the A-MPDU, and a lowest QoS access category (AC).

FIG. 5B shows an example medium access control
(MAC) protocol data umit (MPDU) 520. The MPDU 3520
may be used as one or more of the MPDUSs described with
respect to FIGS. 4A and 4B. The MPDU 520 also may be
referred to herein as a PSDU, a MAC frame, or both. The
MPDU 520 may be one of a number of data frames
contained 1n a data field of an UL packet, such as a PPDU.
In some implementations, the MPDU 520 may be contained

in a data field of an UL packet (not shown). For example, a
STA (such as one or more of the STAs of FIG. 1, the STA
200 of FIG. 2, the STA 420 of FIG. 4A, or the STA 420 of
FIG. 4B), may transmit the UL packet to an AP (such as the
AP 110 FIG. 1, the AP 300 of FIG. 3, the AP 410 of FIG. 4A,
or the AP 410 of FIG. 4B), 1n response to a trigger frame,
such as the trigger frame 500 of FIG. 5A.

The MPDU 3520 1s shown to contain a frame control field
521, a duration/ID field 522, an Address 1 field 523, an
Address 2 field 524, an Address 3 field 525, a sequence
control field 526, an address 4 field 527, a quality of service
(QoS) control field 528, an HT control field 529, a frame
body 530, and an FCS field 531. Fields 521-529 may be
referred to herein as a MAC header of the MPDU 3520.

The frame control field 521 may indicate certain param-
cters for the MPDU 520, such as a protocol version, a type,
and a subtype. The duration/ID field 522 may indicate a
duration value, an identifier (such as an AID), or both. The
Address 1 field 523, the Address 2 field 524, the Address 3
field 5235, and the Address 4 field 527 may contain individual
or group addresses for all or a portion of the MPDU 520,
such as a basic service set identifier (BSSID), a source
address (SA), a destination address (DA), a transmitting
STA address (TA), or a receiving STA address (RA). The
sequence control field 526 may i1ndicate a sequence number,
a fragment number, or both, corresponding to the MPDU
520. The HT control field 529 may contain control ini

Or-
mation for the MPDU 520. The frame body 5330 may contain
information specific to a frame type, a subtype, or both, for
the MPDU 520. The FCS field 531 may contain information
for validating or interpreting all or a portion of the MPDU
520.

The QoS control field 528 may i1dentily a trailic category
(TC) or a trathic stream (TS) for the MPDU 320 as well as
additional information related to, for example, QoS infor-
mation, A-MPDU information, or mesh information for the
MPDU 520. The information contained in the QoS control
field 528 may vary based on a type or a subtype of the
MPDU 520.

FIG. 5C shows an example Quality of Service (QoS)
control field 540. The QoS control field 540 may be one
implementation of the QoS control field 528 of the MPDU
520. In some 1mplementations, the corresponding MPDU
520 may be a contention free (CF) acknowledgment frame.
In some aspects, the MPDU 3520 may be transmitted by a
non-AP STA, such as the STA 420 of FIG. 4A or the STA
420 of FIG. 4B. In some implementations, the STA trans-
mitting the corresponding MPDU 520 may not be operating
in a non-mesh BSS as a buller STA or a sleep STA according
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to certain power-save modes, such as Tunneled direct-link
setup (TDLS) peer unscheduled automatic power save deliv-
ery (U-APSD) (TPU).

The QoS control field 540 1s shown to contain five
sub-fields (over 16 bits). In some 1implementations, bits 0-3
may be a TID subfield that identifies a trathic category (TC)
or a trafhic stream (1S) to which all or a portion of the
MSDU or A-MSDU of the corresponding MPDU 520
belongs. In some implementations, bit 4 may be set to 1. In
some 1mplementations, bits 5-6 may be an Ack Policy
subfield that indicates an acknowledgement policy to be
tollowed upon delivery of the corresponding MPDU 3520. In
some 1implementations, bit 7 may be an “A-MSDU Present”
subfield indicating the presence of an A-MSDU. For
example, 11 the MPDU 3520 1s contained 1n an A-MSDU, bit
7 may be set to 1.

Finally, bits 8-15 may be a queue size subfield indicating
an amount of bufllered traflic that the STA has for a given TC
or TS. An AP that receives the MPDU 520 may use
information contained 1n the queue size subfield (bits 8-15)
to determine a transmission opportunity (1XOP) duration

assigned to the STA. In some aspects, the queue size subfield

may be for UL single-user (SU) and UL OFDMA transmis-
sions. In some 1mplementations, a value 1 the queue size
subfield may represent a total size (1n bytes) that the STA has
buflered (in a delivery queue) for (all or a portion of)
MSDUs and A-MSDUs with TID values equal to the cor-
responding TID. As mentioned above, the STA may indicate
an updated UL queue size for the STA 1n the queue size
subfield. In some 1mplementations, the corresponding TID
value may be indicated in the TID subfield (bits 0-3) of the
QoS control field 540. In some aspects, the total size may be
rounded up to the nearest multiple of a number of octets
(such as 256) and expressed 1n units of the number of octets.
In some aspects, the total size may include the MSDU or
A-MSDU of the corresponding QoS control field 540, the
corresponding MPDU 520, or both. In some other aspects,
the total size may exclude the MSDU or A-MSDU of the
corresponding QoS control field 540, the corresponding
MPDU 520, or both.

FIG. 6 shows an illustrative flow chart depicting an
example operation 600 for wireless communications that
supports adjusting packet durations. The operation 600 may
be performed by a wireless communication device such as
an access point (AP) or an apparatus of an AP. In some
implementations, the operation 600 may be performed by
the AP 110 of FIG. 1 or the AP 300 of FIGS. 3, 4A, and 4B.
In some other implementations, the operation 600 may be
performed by another suitable AP. At block 602, the AP
selects a packet duration for uplink (UL ) transmissions from
a STA. At block 604, the AP transmits a trigger frame
soliciting UL data from the STA and indicating the selected
packet duration. At block 606, the AP recerves an UL packet
of the selected packet duration from the STA. At block 608,
the AP selectively adjusts the packet duration for subsequent
UL transmissions from the STA based on one or more of an
amount of data carried in the UL packet, an amount of
padding inserted ito the UL packet by the STA, or an
amount of UL data queued 1n the STA.

In some implementations, the AP may estimate the
amount of queued UL data 1n the STA based on information
contained 1n a QoS control field of one or more UL packets
previously received from the STA. In some other implemen-
tations, the AP may estimate the amount of queued UL data
in the STA based on a BSR provided by the STA (such as 1n
response to a BSR Poll (BSRP) frame). In some instances,
the UL packet may be an HE TB PPDU. In some other
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instances, the UL packet may be an EHT TB PPDU. In some
other instances, the UL packet may include at least one
MPDU.

In some implementations, the UL packet may include an
indication of the amount of UL data queued 1n the STA. In
some 1nstances, the indication may be carried 1n a Quality-
of-Service (QoS) Control field of the UL packet. In some
other instances, the indication may be carried 1n one or more
fields of any suitable frame or packet transmitted to the AP.

FIG. 7A shows an 1llustrative flow chart depicting another
example operation 700 for wireless communications that
supports adjusting packet durations. The operation 700 may
be performed by a wireless communication device such as
an access point (AP) or an apparatus of an AP. In some
implementations, the operation 700 may be performed by
the AP 110 of FIG. 1 or the AP 300 of FIGS. 3, 4A, and 4B.
In some other implementations, the operation 700 may be
performed by another suitable AP. In some implementations,

the operation 700 may be performed after the AP selectively
adjusts the packet duration 1n block 608 of FIG. 6. At block

702, the AP transmits an 1ndication of the adjusted packet
duration to the STA. In some 1nstances, the indication of the
adjusted packet duration may be transmitted to the STA 1n
one or more subsequent trigger frames. In some other
instances, the indication of the adjusted packet duration may
be transmitted to the STA 1n another suitable action frame,
management frame, or control frame.

FIG. 7B shows an 1llustrative flow chart depicting another
example operation 710 for wireless communications that
supports adjusting packet durations. The operation 710 may
be performed by a wireless communication device such as
an AP or an apparatus of an AP. In some implementations,
the operation 710 may be performed by the AP 110 of FIG.
1 or the AP 300 of FIGS. 3, 4A, and 4B. In some other
implementations, the operation 710 may be performed by
another suitable AP. In some implementations, the operation
710 may be performed after the AP selectively adjusts the
packet duration i block 608 of FIG. 6. In some other
implementations, the operation 710 may be performed
before or after (or at the same or similar time) the AP
transmits the indication of the adjusted packet duration in
block 702 of FIG. 7A. At block 712, the AP pernodically
increases the selected packet duration for a time period.

FIG. 7C shows an 1llustrative flow chart depicting another
example operation 720 for wireless communications that
supports adjusting packet durations. The operation 720 may
be performed by a wireless communication device such as
an AP or an apparatus of an AP. In some implementations,
the operation 720 may be performed by the AP 110 of FIG.
1 or the AP 300 of FIGS. 3, 4A, and 4B. In some other
implementations, the operation 720 may be performed by
another suitable AP. In some implementations, the operation
720 may be performed after the AP selectively adjusts the
packet duration in block 608 of FIG. 6. In some other
implementations, the operation 720 may be performed
before or after (or at the same or similar time) the AP
transmits the indication of the adjusted packet duration in
block 702 of FIG. 7A. In yet some other implementations,
the operation 720 may be performed before or after (or at the
same or similar time) the AP periodically increases the
selected packet duration 1n block 712 of FIG. 7B. At block
722, the AP determines a weighted moving average of the
estimated maximum amount of data that the STA 1s able to
include 1n a given packet. At block 724, the AP selects a
minimum amount of data that the STA 1s to include 1n each
UL packet based on the determined weighted moving aver-
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age. At block 726, the AP transmits an indication of the
selected minimum amount of data to the STA.

FIG. 8A shows an 1llustrative flow chart depicting another
example operation 800 for wireless communications that
supports adjusting packet durations. The operation 800 may
be performed by a wireless communication device such as
an AP or an apparatus of an AP. In some implementations,

the operation 800 may be performed by the AP 110 of FIG.
1 or the AP 300 of FIGS. 3, 4 A, and 4B. In some other
implementations, the operation 800 may be performed by
another suitable AP. In some implementations, the operation
800 may be one example of selectively adjusting the packet
duration 1n block 608 of FIG. 6. In some implementations,
the operation 800 may be performed belfore or after the AP
transmits the indication of the adjusted packet duration in
block 702 of FIG. 7A. In some other implementations, the
operation 800 may be performed before or after the AP
periodically increases the selected packet duration 1n block
712 of FIG. 7B. In yet some other implementations, the
operation 800 may be performed before or after (or at the
same or similar time as) the operation 720 FIG. 7C. At block
802, the AP decreases the packet duration when the amount
of padding 1nserted into the UL packet by the STA 1s greater
than a value (such as a threshold value selected or configured
by the AP 410) while at least some UL data 1s queued 1n the
STA.

FIG. 8B shows an illustrative flow chart depicting another
example operation 810 for wireless communications that
supports adjusting packet durations. The operation 810 may
be performed by a wireless communication device such as
an AP or an apparatus of an AP. In some implementations,
the operation 810 may be performed by the AP 110 of FIG.
1 or the AP 300 of FIGS. 3, 4A, and 4B. In some other
implementations, the operation 810 may be performed by
another suitable AP. In some implementations, the operation
810 may be one example of selectively adjusting the packet
duration 1n block 608 of FIG. 6. In some implementations,
the operation 810 may be performed betfore or after the AP
transmits the indication of the adjusted packet duration in
block 702 of FIG. 7A. In some other implementations, the
operation 810 may be performed before or after the AP
periodically increases the selected packet duration 1n block
712 of FIG. 7B. In yet some other implementations, the
operation 810 may be performed before or after (or at the
same or similar time) the operation 720 FIG. 7C. At block
812, the AP decreases the packet duration when a size or
duration of one or more aggregated frames carried in the UL
packet 1s less than a value (such as a threshold value selected
or configured by the AP 410).

FI1G. 8C shows an 1llustrative flow chart depicting another
example operation 820 for wireless communications that
supports adjusting packet durations. The operation 820 may
be performed by a wireless communication device such as
an AP or an apparatus of an AP. In some implementations,
the operation 820 may be performed by the AP 110 of FIG.
1 or the AP 300 of FIGS. 3, 4A, and 4B. In some other
implementations, the operation 820 may be performed by
another suitable AP. In some implementations, the operation
820 may be one example of selectively adjusting the packet
duration 1n block 608 of FIG. 6. In some implementations,
the operation 820 may be performed before or after the AP
transmits the indication of the adjusted packet duration in
block 702 of FIG. 7A. In some other implementations, the
operation 820 may be performed before or after the AP
periodically increases the selected packet duration 1n block
712 of FIG. 7B. In yet some other implementations, the
operation 820 may be performed before or after (or at the
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same or similar time) the operation 720 FIG. 7C. At block
822, the AP decreases the packet duration when the amount
of data carried in the UL packet 1s less than the amount of
UL data queued 1n the STA and at least a portion of one or
more data fields contained in the UL packet do not carry
queued UL data from the STA.

FIG. 8D shows an illustrative flow chart depicting another
example operation 830 for wireless communications that
supports adjusting packet durations. The operation 830 may
be performed by a wireless communication device such as

an AP or an apparatus of an AP. In some implementations,
the operation 830 may be performed by the AP 110 of FIG.

1 or the AP 300 of FIGS. 3, 4A, and 4B. In some other
implementations, the operation 830 may be performed by
another suitable AP. In some implementations, the operation
830 may be one example of selectively adjusting the packet
duration 1n block 608 of FIG. 6. In some implementations,
the operation 830 may be performed betfore or after the AP
transmits the indication of the adjusted packet duration in
block 702 of FIG. 7A. In some other implementations, the
operation 830 may be performed before or after the AP
periodically increases the selected packet duration 1n block
712 of FIG. 7B. In yet some other implementations, the
operation 830 may be performed before or after (or at the
same or similar time) the operation 720 FIG. 7C. At block
832, the AP estimates a maximum amount of data that the
STA 1s capable of embedding in the UL packet based at least
in part on the amount of data carried 1n the UL packet. At
block 834, the AP adjusts the packet duration based on the
estimated maximum amount of data.

FIG. 8E shows an 1llustrative flow chart depicting another
example operation 840 for wireless communications that
supports adjusting packet durations. The operation 840 may
be performed by a wireless communication device such as
an AP or an apparatus of an AP. In some implementations,

the operation 840 may be performed by the AP 110 of FIG.
1 or the AP 300 of FIGS. 3, 4A, and 4B. In some other
implementations, the operation 840 may be performed by
another suitable AP. In some implementations, the operation
840 may be performed after estimating a maximum amount
of data that the STA 1s capable of embedding in block 834
of FIG. 8D. At block 842, the AP determines a weighted
moving average of the estimated maximum amount of data
that the STA 1s able to include 1n a given packet. At block
844, the AP selects a minimum amount of data that the STA
1s to include in each UL packet based on the determined
weighted moving average. In this way, the AP may select an
amount of queued UL data that the STA 1s capable of
iserting mto UL packets.

FIG. 9 shows an illustrative flow chart depicting an
example operation 900 for wireless communications that
supports adjusting packet durations. The example operation
900 may be performed by a wireless communication device
such as an access point (AP) or an apparatus of an AP. In
some 1mplementations, the operation 900 may be performed
by the AP 110 of FIG. 1 or the AP 300 of FIGS. 3, 4A, and
4B. In some other implementations, the operation 900 may
be performed by another suitable AP. In some implementa-
tions, the operation 900 may be performed after determining
that the STA 1s underserving the AP. At block 902, the AP
estimates a maximum amount of data that the STA 1s able to
include 1 a given packet based on an amount of data
contained in the UL packet. At block 904, the AP determines
a weighted moving average of the estimated maximum
amount of data that the STA 1s able to include in the given
packet. At block 906, the AP selects a minimum amount of

data that the STA 1s to include in each UL packet. At block
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908, the AP transmits an indication of the selected maximum
amount of data and the selected mimmum amount of data to
the STA.

As used herein, a phrase referring to “at least one of”” a list
of 1tems refers to any combination of those items, including
single members. As an example, “at least one of: a, b, or ¢”
1s intended to cover: a, b, ¢, a-b, a-c, b-c, and a-b-c.

The various 1llustrative logics, logical blocks, modules,
circuits and algorithm processes described in connection
with the implementations disclosed herein may be imple-
mented as electronic hardware, computer software, or com-
binations of both. The interchangeability of hardware and
soltware has been described generally, in terms of function-
ality, and 1illustrated 1n the various illustrative components,
blocks, modules, circuits and processes described above.
Whether such functionality 1s implemented 1in hardware or
soltware depends upon the particular application and design
constraints 1imposed on the overall system.

The hardware and data processing apparatus used to
implement the various illustrative logics, logical blocks,
modules and circuits described in connection with the
aspects disclosed herein may be implemented or performed
with a general purpose single- or multi-chip processor, a
digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereot designed to perform the functions described
herein. A general purpose processor may be a microproces-
sor, or, any conventional processor, controller, microcon-
troller, or state machine. A processor also may be 1mple-
mented as a combination of computing devices such as, for
example, a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more miCroprocessors
in conjunction with a DSP core, or any other such configu-
ration. In some 1mplementations, particular processes and
methods may be performed by circuitry that 1s specific to a
given function.

In one or more aspects, the functions described may be
implemented 1n hardware, digital electronic circuitry, com-
puter software, firmware, including the structures disclosed
in this specification and their structural equivalents thereof,
or 1 any combination thereof. Implementations of the
subject matter described in this specification also can be
implemented as one or more computer programs, 1.€., One or
more modules of computer program instructions, encoded
on a computer storage media for execution by, or to control
the operation of, data processing apparatus.

If implemented 1n software, the functions may be stored
on or transmitted over as one or more instructions or code on
a computer-readable medium. The processes of a method or
algorithm disclosed herein may be implemented 1n a pro-
cessor-executable software module which may reside on a
computer-readable medium. Computer-readable media
includes both computer storage media and communication
media including any medium that can be enabled to transier
a computer program from one place to another. A storage
media may be any available media that may be accessed by
a computer. By way of example, and not limitation, such
computer-readable media may include RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that may be used to store desired program code in
the form of 1nstructions or data structures and that may be
accessed by a computer. Also, any connection can be prop-
erly termed a computer-readable medium. Disk and disc, as
used herein, includes compact disc (CD), laser disc, optical
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disc, digital versatile disc (DVD), floppy disk, and Blu-ray
disc where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations of
the above should also be included within the scope of
computer-readable media. Additionally, the operations of a
method or algorithm may reside as one or any combination
or set of codes and instructions on a machine readable
medium and computer-readable medium, which may be
incorporated mto a computer program product.

Various modifications to the implementations described 1n
this disclosure may be readily apparent to those skilled in the
art, and the generic principles defined herein may be applied
to other implementations without departing from the spirit or
scope of this disclosure. Thus, the claims are not intended to
be limited to the implementations shown herein, but are to
be accorded the widest scope consistent with this disclosure,
the principles and the novel features disclosed herein.

Additionally, a person having ordinary skill 1in the art will
readily appreciate, the terms “upper” and “lower” are some-
times used for ease of describing the figures, and indicate
relative positions corresponding to the orientation of the
figure on a properly oriented page, and may not reflect the
proper orientation of any device as implemented.

Certain features that are described 1n this specification 1n
the context of separate implementations also can be 1imple-
mented 1n combination 1 a single implementation. Con-
versely, various features that are described 1n the context of
a single implementation also can be implemented 1n multiple
implementations separately or 1n any suitable subcombina-
tion. Moreover, although features may be described above as
acting 1n certain combinations and even mitially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a subcombination
or variation of a subcombination.

Similarly, while operations are depicted 1n the drawings in
a particular order, this should not be understood as requiring
that such operations be performed 1n the particular order
shown or 1n sequential order, or that all 1llustrated operations
be performed, to achieve desirable results. Further, the
drawings may schematically depict one more example pro-
cesses 1n the form of a tlow diagram. However, other
operations that are not depicted can be incorporated in the
example processes that are schematically illustrated. For
example, one or more additional operations can be per-
formed before, after, sitmultaneously, or between any of the
illustrated operations. In certain circumstances, multitasking
and parallel processing may be advantageous. Moreover, the
separation of various system components in the implemen-
tations described above should not be understood as requir-
ing such separation 1n all implementations, and 1t should be
understood that the described program components and
systems can generally be integrated together in a single
soltware product or packaged into multiple software prod-
ucts. Additionally, other implementations are within the
scope of the following claims. In some cases, the actions
recited 1n the claims can be performed 1n a different order
and still achieve desirable results.

What 1s claimed 1s:

1. A method of wireless communication by an access
point (AP), comprising:
selecting a packet duration for uplink (UL) transmissions

from a station (STA);
transmitting a trigger frame soliciting UL data from the

STA and i1ndicating the selected packet duration;
recerving an UL packet of the selected packet duration

from the STA; and
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selectively adjusting the packet duration for subsequent
UL transmissions {from the STA based on one or more
of an amount of data carried 1n the UL packet, an
amount of padding inserted into the UL packet by the
STA, or an amount of UL data queued in the STA,
wherein selectively adjusting the packet duration
includes decreasing the packet duration when the
amount ol padding inserted into the UL packet by the
STA 1s greater than a value while at least some UL data
1s queued 1n the STA.

2. The method of claim 1, turther comprising;:

transmitting an indication of the adjusted packet duration

to the STA.

3. The method of claim 1, wherein the UL packet com-
prises a high-efliciency (HE) tnigger-based (TB) physical
layer convergence procedure (PLCP) protocol data unit
(PPDU).

4. The method of claim 1, wherein the UL packet includes
at least one medium access control IMAC) protocol data unit
(MPDU).

5. The method of claim 1, wherein the UL packet includes
an indication of the amount of UL data queued 1n the STA.

6. The method of claim 5, wherein the indication 1s carried
in a Quality-of-Service (QoS) control field of the UL packet.

7. The method of claim 1, wherein selectively adjusting
the packet duration further comprises decreasing the packet
duration when the amount of data carried in the UL packet
1s less than the amount of UL data queued 1in the STA and at
least a portion of one or more data fields contained in the UL
packet do not carry queued UL data from the STA.

8. The method of claim 1, wherein selectively adjusting
the packet duration further comprises:

estimating a maximum amount of data that the STA 1s

capable of embedding in the UL packet based at least
in part on the amount of data carried in the UL packet;
and

adjusting the packet duration based on the estimated

maximum amount of data.

9. The method of claim 8, further comprising;:

determining a weighted moving average of the estimated

maximum amount of data that the STA 1s able to
include 1 a given packet; and

selecting a minimum amount of data that the STA 1s to

include 1n each UL packet based on the determined
weighted moving average.

10. The method of claim 9, further comprising;:

transmitting an indication of the selected minimum

amount of data to the STA.

11. The method of claim 1, further comprising:

periodically increasing the selected packet duration for a

time period.

12. The method of claim 1, wherein selecting the packet
duration for UL transmissions 1s further based at least 1in part
on estimating the amount of data that the STA has queued for
UL transmissions.

13. The method of claim 1, wherein the amount of UL
data queued 1n the STA 1s based at least in part on UL queue
s1ze information provided by the STA prior to transmission
of the trigger frame.

14. The method of claim 13, wherein the UL queue size
information 1s contained 1n one or more of a bufler status
report (BSR) or a Quality-of-Service (QoS) control field of
a previously recerved UL packet from the STA.

15. A method of wireless communication performed by an
access point (AP), comprising:

selecting a packet duration for uplink (UL) transmissions

from a station (STA);
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transmitting a trigger frame soliciting UL data from the
STA and indicating the selected packet duration;

recerving an UL packet of the selected packet duration
from the STA; and

selectively adjusting the packet duration for subsequent

UL transmissions from the STA based on one or more
of an amount of data carried in the UL packet, an
amount of padding inserted into the UL packet by the
STA, or an amount of UL data queued in the STA,
wherein selectively adjusting the packet duration com-
prises decreasing the packet duration when a size or
duration of one or more aggregated frames carried 1n
the UL packet 1s less than a value.

16. An access point (AP), comprising:

at least one modem:;

one or more processors coupled to the at least one modem:;

a memory coupled to the at least one modem and to the

one or more processors, the memory storing instruc-

tions that, when executed by the one or more proces-

sors, cause the AP to perform operations comprising:

selecting a packet duration for uplink (UL) transmis-
sions Irom a station (STA);

transmitting a trigger frame soliciting UL data from the
STA and indicating the selected packet duration;

receiving an UL packet of the selected packet duration
from the STA: and

selectively adjusting the packet duration for subsequent
UL transmissions from the STA based on one or
more of an amount of data carried 1n the UL packet,
an amount of padding inserted into the UL packet by
the STA, or an amount of UL data queued 1n the STA,
wherein selectively adjusting the packet duration
includes decreasing the packet duration when the
amount of padding inserted into the UL packet by the
STA 1s greater than a value while at least some UL
data 1s queued 1n the STA.

17. The AP of claim 16, wherein execution of the instruc-
tions causes the AP to perform operations further compris-
ng:

transmitting an indication of the adjusted packet duration

to the STA.

18. The AP of claim 16, wherein the UL packet includes
an 1ndication of the amount of UL data queued in the STA.

19. The AP of claim 18, wherein the 1indication 1s carried
in a Quality-of-Service (QoS) control field of the UL packet.

20. The AP of claim 16, wherein execution of the instruc-
tions for adjusting the packet duration further causes the AP
to decrease the packet duration when the amount of data
carried in the UL packet 1s less than the amount of UL data
queued 1n the STA and at least a portion of one or more data
fields contained 1n the UL packet do not carry queued UL
data from the STA.

21. The AP of claim 16, wherein execution of the instruc-
tions for adjusting the packet duration causes the AP to
perform operations further comprising;:

estimating a maximum amount of data that the STA 1s

capable of embedding 1n the UL packet based at least
in part on the amount of data carried 1n the UL packet;
and

adjusting the packet duration based on the estimated

maximum amount of data.

22. The AP of claim 21, wherein execution of the instruc-
tions causes the AP to perform operations further compris-
ng:

determining a weighted moving average of the estimated

maximum amount of data that the STA 1s able to
include 1 a given packet; and
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selecting a minimum amount of data that the STA 1s to
include 1 each UL packet based on the determined
weighted moving average.

23. The AP of claim 22, wherein execution of the instruc-
tions causes the AP to perform operations further compris-
ng:

transmitting an 1ndication of the selected minimum

amount of data to the STA.

24. The AP of claim 16, wherein execution of the 1nstruc-
tions causes the AP to perform operations further compris-
ng:

periodically increasing the selected packet duration for a

time period.

25. The AP of claim 16, wherein selecting the packet
duration for UL transmissions 1s further based at least 1in part
on estimating the amount of data that the STA has queued for
UL transmissions.

26. The AP of claam 16, wherein the amount of UL data
queued 1n the STA 1s based at least 1n part on UL queue size
information provided by the STA prior to transmission of the
trigger frame.

27. The AP of claim 26, wherein the UL queue S1Z¢
information 1s contained 1n one or more of a bufler status
report (BSR) or a Quality-of-Service (QoS) control field of
a previously recerved UL packet from the STA.
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28. An access point (AP), comprising;:

at least one modem:;

one or more processors coupled to the at least one modem:;

a memory coupled to the at least one modem and to the
one or more processors, the memory storing instruc-
tions that, when executed by the one or more proces-
sors, cause the AP to perform operations comprising:
selecting a packet duration for uplink (UL) transmis-

sions from a station (STA);

transmitting a trigger frame soliciting UL data from the

STA and mndicating the selected packet duration;

receiving an UL packet of the selected packet duration
from the STA; and

selectively adjusting the packet duration for subsequent
UL transmissions from the STA based on one or
more of an amount of data carried 1n the UL packet,
an amount of padding inserted into the UL packet by
the STA, or an amount of UL data queued in the STA,
wherein execution of the instructions for adjusting
the packet duration causes the AP to decrease the
packet duration when a size or duration of one or
more aggregated frames carried i the UL packet 1s
less than a value.
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